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The study of the movement of basketball under air resistance and vertical and
vertical lifting force.
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Abstract

A mathematical and physics model is developed, which suggess a pathway to determining the
displacement time-dependent in vertical. For a basketball free throw. Theoretical framework is supported
by the method technique integration of by part and the first-order inhomogeneous differential equation
(The equation of motion for Newton’s second law) From figure 2, if higher the parameter & , o affect

increasing value of the displacement in horizontal and vertical.

keywords : Projectile motion, basketball speed, displacement of basketball.

Introduction

Motion of an object with projectile motion Everyday life can occur in sports competitions such as
football, volleyball, basketball, etc. In basketball competitions are very popular all over the world. there
is basketball in SEA games, asian games, olympic Games, etc. which made me interested in the
movement of basketball. Under the air resistance F, =av_ and the lifting force F,=0v, and |

increased the external force that is a function of time in the Y axis, in which | calculated the speed of the
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basketball which is a function of time in the x-axis and Yyaxis . And | calculated the basketball
displacement that is a function of time in the X axis and Yy axis . Finally, | calculated and graphed the
displacement between the x axis and y axis In 2005 Joerg M. Gablonsky and Andrew S.1.D. Lang presents
a mathematical model for basketball free throws. detailing. In 2015 A Changjan and W Mueanploy study
the relationship between optimal angle, minimum initial velocity and the height of the ball before the
player shoots the ball for basketball shooting problem analytically. In 2017 Irina Barzykina the model
define a smile-shaped success region in angle-velocity space where a free throw will score a formula for
the minim;Jm throwing angle is derived analytically. In 2018 Reza Sarang et.al.study adjustment and
control of the free throw of the basketball using dlifeedback consciously.

The seheme of the paper is as follow. In section 2 detaliling with the solving lince equation. Next, section
3 we can calculate the speed dad the displacement from newton’s law 2. In section 4, we can

presentation of the movement characteristics of projectile basketball finally, we summary of resec.

Theory of Mathematics and Method of Research

We solve the equation

%w(x)y - 0() (1)

by multiplying both sides by a positive function v(x) that change the left-hand side into the derivative
of the products v(x)y . We will show how to find Y inamoment, but first we want to show how, once

found, it provides the solution we seeking. Here is why multiplying by v(x) works.

%+p(x)y=v(x) Q)

v(x) jx—y + PV = V() Q)
D vxdy) =v(x) Q)

dx

1
y =15 [emax (2)

Equation (2) expresses the solution of Equation (1) in terms of the function v(x) and Q(x) . We

call v(x) an integrating factor for equation (1) because it possession makes the equation integrable.
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Why doesn’t the formula for p(x) present in the solution as well It does, but obliquely, in the formatting

of the positive function v(x) .We have

d d a
2 = Py y Sl =y (3)

This last equation will hold if

&zpv’ ﬂ=pdx,
dx v
v=ejpdx (4)

Thus ordinance for the general solution to equation (1) is given by equation (3) , where v(x) is given
by equation (4) . but, rather than mark the formula, just remember how to find the integrating factor

Equation (2) ,we can rewrite to give
q g

y9=e | [ drve|. (5)

There are tree main force acting upon a basketball in flight. they are in the order of importance ; gravity
buoyancy, air resistance and magnus force, as illustrated in figure 1. The gravitational force pulls the ball

vertical down to wards the earth with the corresponding gravitational acceleration g= 9.81 m/ st

| Fu() = Fote*sin® (wt)

vty B =Fooos'(an)

[ —

4 ues(d).

Figure 1: The five forces that act on a basketball in run.
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According to newton second law, the equation of motion is
> F=ma,

—F,sin(0)i- F, cos(0) i+ Fy, cos*(wt)i— F, sin(6) - mg}

. . . . 6
+F cos(o9)j+F[,yte‘ﬂ’ sinz(a)t)jzm(‘f;"i+7;jj, ( )

We can evaluate the horizontal velocity time-dependent to give

—F;sin(@) - F, cos(0) + F,_cos’(wt)=m ‘2;" , (7)
where  F, = oV, is magus force, F, =qv_ is air resistance force, we have
. F
v, +(£ s1n(6)+—(£cos(6’)]vx == cos’(wt) . (8)
d \m m m
With this definition the parameter becomes
A=Zsin(@)+Z cos(8) (9)
m m
Substituting equation (9) into equation (8) we have
dv E
£+ v, =% (1+cos (2wt 10
dt Y 2m ( ( )) 10

Equation (10) , Is a first- order inhomogeneous differential equation. The Solution given by equation

(10) may be written in a different form as follows

F,
v,()=e™| =% [(1+cosRat)e* dt + ¢ 11
=6 2 [(1rcaszonet arre) (1)
Integrating the term of velocity above by parts, we get

F, |1 Acos(2wt)+2wsin(2a)t) )
vx(t)=ﬁ Z+( FERwp ) +ce ™ (12)
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Substituting # = 0in equation (12) and angin assuming the initlial condition that, v,(0) = v, cos(€) we

get

F, (1 2
c=v, COS(9)~${I+m} (13)

Putting this into equntion (12) , we have

F_|1 (icos(th)+2wsin(2wt)) F, (1 A } -
w0z | = V. (1P MO S t (14
% (7) 2m{/1+ 22 + 40 Voo (O) - 2 a1 (14)

Substituting v, (t)= dx/dt in equation (14) and using technique integrating by parts, and again
assuming the initial condition that x(0) = 0 at =0, we get by direct integration

F, |t Asin(2at) cos(Lwt)
RE) i e 2 2 PPy 2
2m (A (A" +40°)2m (A’ +40?)

F,. |1 A e F, vocos(d) F, [1 A
mE —t—e——— by, cos(6) — + s+ B — >
2m (A A 44w A 2m(A° +4w*) A 2mA (A A’ +4w

(15)

Equation (15) is a displacement in to horizontal of time-dependent. patting this into program

mathematica for plot graph

We can evaluate the vertical velocity time-dependent to give

. — av,
F) cos(0) — F, sin(0) ~mg+ F, te™” sin’ (wt) = (16)
where  F) =ov,_ is magus force, F, =av, is air resistance force, we have
-pt
o @ we "™ ., dv
—cos(@)v, ——sin(@)v, — g + -2 sin“(wt)=—2< 17
- y = SO, - g (0t) = (17)
With this de fingtion the parameter becomes
o a .
K =—cos(8) ——sin(6), (18)
m m
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K= gsin(tS’)—gcos(G), (19)
m m

Substituting equation (18) and equation (19) into equation (17) , we have

dv F
—2 4k, =2t sin2(wt) - 20
dt Y m (@9-g (20)

Equation (20) is a first -Order non-homogeneous differential equation. The Solution given by equation

(20) may be written in a different from as follows

F
Kt 0y . ~pt Xt
v,(t)=e I:j(;’te "’smz(a)t)—g]e dt+c} (21)
Integrating the term of Velocity above by parts, we get

F ~pt -pt
Vy(t):—ol{te_ e }_g_f_ce_h_
2m

s & x
Fy, [ te” (8 cosQwt) + 2wsin(2wt) N (40’ - 5%)e™” cos(2wt) _4wde™” sin2wt)
2m 0% +4w* Ch +40%)? (67 +40*)?

(22)

Substituting # = 0in equation (22) and again assuming the initial condition that v,(0) = v, sin(8) we
get,

. F, F (@4e*-6%)) g
=y, sin(@)+—2 40 ) G -5) | g 23
i e 2m{(4a)2+52)2} X 128)

Putting this into equation (22) , We have

7 2m

) o’
F |t P (s ) By 2 caN. _pr G-
2& e 7 (6 cos( gat)+ 2a)sm(Za)t))—*_(4a) 26 )2te2 e_ﬁ,cos(zwt)_4(0562 sm£2za)t)
m 0 +4w 4o -6%) (0" +4w%)
g . E)y F('Jy (4(02‘52) g -u
—Hivsin(@)+—+ 23— = 1,5
x {" ©) 2ms®  2m | (40* + 82| & ¢
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(24)

Substituting v, (t) = dy/dt equation (24) , and using technique integrating by parts, and again

assuming the initial Condition that y(0) =y, at £ =0 we get by direct integration.

(,)_i L e ) 1e”
Y=o s\ s T F) e B

te” 2wsin (2wt ) - 20t 40’ - p*
Dot | L) pootann)) (B sy B9 i
2m | 5* + 4w B +4a’ (4m2+ﬁ2) (,H2+4w2)
20 [e”sin (2@;) (te'ﬂ’ 2a)cos(2a)t)—ﬂsin (2(0!))
& +40’ | 40P+ 40+

. (4«)2 —ﬂz) [e'ﬂ'2(osin(2a)t)—ﬂcos(Za)t)}_ 400 (e"’ﬂsin (2(0!)+2a)c0s(2(ot)}+ (40 —ﬂz) [e_ﬁ'2a)8in(2wt)—,Bcos(Za;z)]
(4 +p7) o (6 +40) F+40’ (40" + 57 407+
_& [ Ry B[ 40'-6 | gle™ [vsin® F, F, (40-8") g
Y (vo sin() + m®  2m {(4&)2 5y R TR e ok 4o 5D e

R 11 +& S(4a’* - B*) B L(4w* -5%) . 8w’
2m (B8* 6] 2m (6% +40°)(8” +40°) (40’ +8°) (40’ + B7) (40 +87) (40’ + B7)

(25)

Equation (25) is a displacement for vertical of time-dependent putting this into program mathematica

for plot graph.
Results and Discussion

Equation (25) is soiution of the first-order linear inhomogeneous ordinary differential equation We

can show the plot of math type versus math type see figure

Purple color figure a Pink color figure b
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Figure 2: Representation of behavior for displacement in vertical and Honrizartal basketball.

From figure 2 a representation of behavior basketball moving in the fiver external force the
trajectory motion in care It was found that the object with the initial velocity of V, =58 m/ s which is
the highest initial velocity in the experiment, decreased the horizontal force at , =3 N and angled at
@ =30 degrees and @ =0.04 and o =0.046. From figure 2 b it is found that an object with initial
velocity of v, =4.3 m/s which is the initial velocity which has decreased from figure 1a and causes
the force used to move in the level F, =4 N which is increasing with an angle of &= 45 degrees
and @ =0.05 and o=0.056 .

From Figure 2 c shows that an object with initial velocity v, = 3.8 m/s hich has a decrease and
resulting in a force that is moving at a level of F,=34 N with an angle of &= 60 degrees and
a=0.058 and o =0.065. From figure 2 d Objects with speeds starting at vy= 3.7 m/s make the
force used to move horizontally is equal to F, = 5N at an angle of @ =80 degrees and & = 0.066
and 0 =0.075. This study is to study the movement of basketball under air resistance and lifting
force without considering floating force. Therefore, the next study may have additional variables in the

study to see the effect of force on basketball.

Concussion

From figure 2, if increase the parameter & and o affect decrease value of the displacement for
basketball in horizonted. From figure 2, if higher the parameter & , o affect increasing value of the

displacement in horizontal and vertical.
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